Purpose To examine differences in self-reported perceived mental and physical health status, as well as known cardiometabolic risk factors in a sample of normal weight, overweight, and obese Mexican youths. Methods Cross-sectional analysis of 164 youths aged 11-18 years recruited in Cuernavaca, Mexico. Participants completed a self-administered questionnaire that included measures of generic and weight-specific quality of life, perceived health, physical function, depressive symptoms, and body shape satisfaction. Height, weight, and waist circumference were measured, and body mass index (BMI) was determined. Fasting blood samples from participants yielded levels of glucose, triglycerides, and cholesterol (total, HDL, and LDL).
Introduction
The high incidence of obesity among youth is one of the most significant public health concerns in Mexico, where over one-third of adolescents are overweight or obese [1] . In the USA, 38 % of Hispanic youths 12-19 years old are overweight or obese compared with 31 % of their non-Hispanic white peers [2] . Overweight youth are more likely to become obese adults [3] [4] [5] and are at increased risk of premature obesity-related morbidity and mortality [6] [7] [8] [9] . Among adults, obesity is a major risk factor for cardiometabolic diseases, including type 2 diabetes and coronary artery disease. In addition to obesity, other cardiometabolic risk factors such as insulin resistance, dyslipidemia, and hypertension are also important predictors of future disease [10, 11] and are more prevalent among overweight and obese youth [12, 13] .
Numerous studies have also examined the association between obesity and various self-reported perceived health status (PHS) measures, including general health [14, 15] , body shape satisfaction [16] [17] [18] [19] , physical function [14] , depressive symptoms [16, [20] [21] [22] , and quality of life [14, [23] [24] [25] . A potential mechanism explaining the association between obesity status and depressive symptoms, for example, involves physical health, such that adolescents with a higher body mass index (BMI) report significantly lower levels of general health [21, 22] . Body shape dissatisfaction has been linked with an increased risk of obesity due to unhealthy weight control practices [26, 27] . Other studies report that depressive symptoms are a risk factor for obesity when binge eating is used as a coping mechanism [16, 20] . Studies that examined the association between various psychosocial factors and risk of overweight among adolescents found that low life satisfaction, body dissatisfaction, weight concerns, and use of unhealthy weight control behaviors may also increase risk of adolescent overweight [15, 16] . Furthermore, obese youth consistently report having a lower quality of life [14, 23] , which has been found to improve upon weight loss [25] . These studies provide compelling evidence that PHS measures are valid tools for assessing the association between obesity and specific psychological and psychosocial factors.
Research about the relationship between PHS measures and cardiometabolic risk factors among youth has lagged behind that of adults [28] . Studies of adults have found an association between adverse psychosocial factors and cardiovascular disease [29, 30] . A review of the literature by Rozanski et al. examined the association between coronary artery disease (CAD) risk and five specific psychosocial domains: (1) depression, (2) anxiety, (3) personality factors and character traits, (4) social isolation, and (5) chronic life stress. They report extensive evidence of the relationship between these psychosocial factors and risk of CAD and provide explanations for the possible behavioral and pathophysiological mechanisms underlying this association [30] . Although several published studies have examined the association between BMI and other PHS measures among adolescents [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] , no such studies have been conducted with youths in Mexico.
Other factors, such as race/ethnicity and socioeconomic status have been closely associated with obesity among youth [31, 32] . In the USA, disparities exist across racial and ethnic groups with African-American and MexicanAmerican adolescents ranking highest in prevalence of obesity and overweight [2] . Metabolic dysregulation and PHS are likely to be affected by multiple layers of influence that include individual, social, and familial level characteristics.
For this study, we examined the differences in selfreported perceived mental and physical health status, including self-rated health, depressive symptoms, and quality of life (QoL), as well as known cardiometabolic disease risk factors in a sample of normal, overweight, and obese youths in Mexico. We also explored the association between PHS measures and cardiometabolic risk factors. We hypothesized that (1) obese youths would report a lower perceived mental and physical health status than normal weight youths; (2) obese youths would be at greater cardiometabolic risk than normal weight youths; and (3) PHS measures would be significantly associated with cardiometabolic risk factors.
Research methods and procedures

Study population and data collection procedures
A convenience sample of 181 youths aged 11-18 were recruited from a primary care medical clinic at the Mexican Institute of Social Security (IMSS, by its Spanish abbreviation) in Cuernavaca, Mexico. Study flyers were posted in various areas of the IMSS clinic and potential participants were also informed of the study by staff during their visit to the primary care clinics. Individuals who expressed an interest in the study were contacted by the study recruiter who conducted a telephone interview with the primary caregivers of the potential participants to determine eligibility. Youths who met study inclusion criteria including age, reading ability, and no serious mental health diagnosis were informed that participation in the study would include completing a questionnaire and having their weight, height, and waist circumference measured. Participants were also told that they would receive a series of optional clinical tests if they decided to participate in the study. All study participants were enrolled between March and November of 2008, and informed consent was obtained from each participant and a parent or guardian prior to their inclusion in the study. Specifics regarding the study design, methodology, and baseline participant characteristics have been described elsewhere [19, 33] . The institutional review boards (IRBs) of all participating institutions approved the protocol and informed consent forms for this study (Seattle Children's Hospital IRB approval number: 11916; IMSS IRB approval number: R-2007-1701-13; UCLA IRB approval number: G06-09-094-01).
All participants completed a self-administered questionnaire that included the 21-item Youth Quality of Life Weight-Specific measure (YQOL-W), a generic Youth Quality of Life Instrument (YQOL-R), as well as measures of perceived general health, physical function, body shape satisfaction, and symptoms of depression. Although the PHS measures had not been previously validated for this specific population, they have been used extensively and validated in other studies that have included Latino youth [14, 19, 25, [34] [35] [36] [37] [38] [39] . All study materials were designed to be readable and understandable for a fifth-grade level. Upon completion of the questionnaire, study staff checked to make sure that all of the items had been answered to ensure a similar response rate among the participants.
A total of 164 participants also received a standardized clinical examination by trained nurses to determine anthropometric and metabolic measures. Youth were weighed to the nearest 0.1 kg wearing minimal clothing using a calibrated electronic TANITA scale (model BC-533; Tokyo, Japan). Height was measured to the nearest 0.1 cm using a conventional stadiometer, while the subjects were standing barefoot, with their shoulders in a normal position. BMI was calculated as weight (kg)/height (m2) using the World Health Organization (WHO) Growth Reference 2007 [40] . Waist circumference was measured to the nearest 0.1 cm at the highest point of the iliac crest at the end of normal exhalation using a measuring tape placed below any clothing, directly touching the participant's skin. Two separate measurements of weight, height, and waist circumference were obtained for each participant, with a third taken if the difference between the first two measures was greater than or equal to 1 cm or 1 kg. The mean of the measurements was used as the final measure.
Blood samples from 164 participants yielded measures of serum glucose, triglycerides, and cholesterol (total, HDL, and LDL). Glucose levels were determined using the oxidized glucose method, serum triglyceride concentrations were analyzed with a colorimetric method following enzymatic hydrolysis performed using the lipase technique, and cholesterol was analyzed by eliminating chylomicrons followed by catalase, as described elsewhere [41] . A fasting time of 8 h or greater was used for blood collection.
Blood pressure was measured with an automatic digital blood pressure monitor with an adjustable cuff. Participants were seated with their right arm resting at the level of the heart and were asked to sit still without talking for a few minutes before measuring their blood pressure. Three measurements were taken for each participant.
Cardiometabolic risk measures
Body mass index (BMI)
Participants were categorized as normal weight, overweight, or obese according to BMI based on the WHO ageand sex-specific BMI cutoff points for youths aged 5 to 19 years [40] .
Metabolic syndrome and its components
We used the definition proposed by the International Diabetes Federation (IDF), which takes into account several definitions and attempts to provide a unified measure to identify cases of metabolic syndrome [42] . The IDF characterizes metabolic syndrome in youth by the presence of abdominal obesity or a waist circumference (defined as equal to or greater than the 90th percentile, age and sex specific, for those between the ages of 10 to \16, and C90 cm for males who are 16 years or older, and C80 cm for females who are 16 years and older) and any two or more of the following conditions: concentrations of serum triglycerides C150 mg/dL, high-density lipoprotein cholesterol (HDL-C) \40 mg/dL for all males and females \16, and \50 mg/dL for females who are C16 years of age, fasting glucose concentration C100 to \126 mg/dL, and high blood pressure defined as a systolic blood pressure C130 mm Hg or a diastolic blood pressure C85 mm Hg [42] . A result of C170 was considered elevated for total cholesterol, and the cut point of C109 was used to define an abnormal result of LDL cholesterol [43] .
Other risk measures
Continuous measures were also examined for the following cardiometabolic risk factors: waist circumference, fasting glucose, triglycerides, cholesterol (total, HDL, and LDL), systolic and diastolic blood pressure.
Perceived health status measures
The following PHS measures were used as well-established indicators of mental and physical health: general health, body shape satisfaction, physical functioning, depressive symptoms, generic QoL, and weight-specific QoL. These outcome variables were examined as dichotomous (general health and body shape satisfaction) and continuous (physical functioning, depressive symptoms, generic QoL, and weight-specific QoL) ( Table 2 ). The PHS measures were also explored as dichotomized variables for the multiple logistic regression analyses, based on the results of previous studies [14, 19, 25] . This was done in order to explore the association between PHS and QoL measures, with BMI and selected cardiometabolic measures using clinically significant thresholds (Table 3) .
General health
Participants were asked to assess their general health status by responding to the question, ''In general, how is your health?'' This measure was dichotomized into ''good'' (excellent, very good, and good) and ''poor'' (fair and poor) [14] .
Body shape satisfaction
Participants were asked to answer the following question from the Body Image and Body Change Inventory: ''How satisfied are you with your body shape?'' This measure was dichotomized into ''satisfied'' (extremely satisfied, fairly satisfied, and neutral) and ''dissatisfied'' (fairly dissatisfied and extremely dissatisfied) [18] .
Physical function
The physical functioning subscale of the Child Health Questionnaire (CHQ) was used to measure functional limitations [14] . Respondents who answered ''yes'' to any questions concerning functioning were categorized as ''limited.''
Depressive symptoms
The Children's Depression Inventory: Short Version (CDI-S) was used to assess depressive symptoms [35] . The CDI is widely used and has been shown to be a valid and reliable measure of depression among youth in the USA and other countries, including Latin America [36, 37] . This measure was dichotomized into ''less than average or average symptoms'' (Tscore B 55) and ''above average symptoms'' (Tscore [ 55) .
Generic quality of life
Participants completed items from the generic Youth Quality of Life-Research Version (YQOL-R). The YQOL-R has been previously used in the USA and Brazil, with good construct validity, internal consistency, reproducibility, expected associations with other constructs, and ability to distinguish between known groups [38, 39] . Although there is no specific validation for the YQOL-R in Spanish, the questionnaire was translated by a native Spanish speaker from Mexico and was pilot tested prior to its application. All items were administered using an 11-point response scale ranging from 0 to 10. The items were scored such that ten indicated the best QoL [39] . The total YQOL-R score was dichotomized into ''higher QoL'' (C50th percentile) and ''lower QoL'' (\50th percentile).
Weight-specific quality of life (YQOL-W)
Participants also completed the YQOL-W, a 21-item weight-specific QoL instrument with three domain scores (Sense of Self, Social Life, and Environmental Factors) and a total score. The YQOL-W was developed through qualitative work with a multicultural sample of overweight and obese youth in the USA and Mexico. The YQOL-W has established measurement properties, including construct validity, internal consistency, test-retest reliability, and responsiveness to change. The measurement properties of the YQOL-W are described in more detail elsewhere [25, 33] . All items were administered using an 11-point response scale ranging from 0 to 10. Items were scored with ten indicating the best QoL [33] . Measures for each of the three domains and the total YQOL-W score were dichotomized into ''higher QoL'' (C50th percentile) and ''lower QoL'' (\50th percentile).
Statistical analyses
We restricted our analyses to youths with non-missing questionnaire and clinical data. Our final sample size was n = 164, after eliminating 17 youth who did not complete the clinical tests. A descriptive analysis of the sociodemographic variables of interest was conducted for the total sample and by BMI status. Differences in sociodemographic characteristics by BMI status were assessed using Chi-squared tests for categorical variables and t tests for continuous variables. The PHS results and the cardiometabolic risk measures were also compared by BMI status using Chi-squared and t tests. Skewed continuous variables were log-transformed prior to conducting t tests. The Cuzick nonparametric test for trend was also performed to determine any linear association between the study variables and increasing BMI status. The continuous study variables were log-transformed to account for the possibility of a non-normal distribution. However, the non-logtransformed results are presented since they are practically the same as the log-transformed results. Multiple logistic regression models were used to calculate odds ratios and 95 % confidence intervals to determine the association between BMI and the cardiometabolic measures to the following outcome variables: poor health, functional limitations, body shape satisfaction, depression, lower generic QoL, and lower weight-specific QoL. These results were adjusted for age as a continuous variable and sex as a categorical variable. All the P values presented in this analysis are two-tailed, and a P value \ 0.05 was considered statistically significant. All statistically significant results are presented in bold type. Data analysis for this paper was carried out using SAS/STAT software, version 9.2 of the SAS System and STATA 11 for Windows. Table 1 shows the sociodemographic characteristics of the study population by BMI status. A total of 49 % of the participants were female, 21 % had a BMI in the normal range, 39 % were overweight, and 40 % were obese. A significantly higher proportion of the male participants were obese as compared to normal weight. There was also a significantly greater proportion of overweight and obese (as compared to normal weight) among females, participants between the age of 11-14 years, and those in elementary school or junior high. The mean age of the participants was 14.7 years; half were in junior high, 18 % were in elementary school, and 32 % were in high school. The level of education of the participants' mothers was lower than the education level of the participants' fathers. Most participants reported that they live in a two-parent household. Table 2 presents a comparison of the proportions and means reported for each of the PHS and cardiometabolic measures by BMI status. A significantly greater proportion of obese participants reported having poor or fair health than normal weight participants, and the mean general health score was significantly lower for obese youths than normal weight youths (3.0 vs. 2.3, respectively, P value \ 0.001) (data not shown). Obese participants were also significantly more likely to indicate that they were dissatisfied with their body shape, had depressive symptoms, as well as lower physical functioning and weight-specific QoL (YQOL-W) scores than normal weight participants. The following significant trends were observed for the PHS measures as BMI increases: a greater proportion of poor/fair health and body dissatisfaction, worse physical functioning, more depressive symptoms, and lower weight-specific QoL.
Results
The means of the cardiometabolic risk measures are also compared by BMI status in Table 2 . Overweight and obese youths had a significantly higher mean BMI, waist circumference, glucose, and triglyceride levels than normal weight youths. Obese participants also had a significantly higher systolic and diastolic blood pressure than normal weight youths. Although overweight and obese participants had a lower mean HDL and a higher mean LDL and total cholesterol than normal weight youths, these differences were not found to be significant. Significant trends were observed for the following cardiometabolic measures as BMI increases: larger waist circumference, higher glucose and triglyceride levels, as well as a greater systolic and diastolic blood pressure (Table 2) . Table 3 presents the association between perceived health status measures, BMI, and selected cardiometabolic measures, controlling for age and sex. Obese youth were nearly five times more likely to report having poor or fair health and had 5.6 times greater odds of being dissatisfied with their body shape than normal weight youth. Obese participants also had almost four times greater odds of having lower self YQOL-W scores and a nearly sixfold higher odds of having lower social, environment, and total YQOL-W scores than normal weight participants. Participants with abdominal obesity were almost three times more likely to report having poor or fair health, their odds of being dissatisfied with their body shape were 3.6 times greater, and they had four times higher odds of depression than normal weight youth. Participants with abdominal obesity also had a threefold greater odds of having lower self, social, environment, and total YQOL-W scores than normal weight participants. Youth with elevated glucose levels were 4.5 times more likely to report dissatisfaction with their body and were twice as likely to have lower social, environment, and total YQOL-W scores. The presence of metabolic syndrome was associated with a twofold higher odds of reporting poor or fair health, body dissatisfaction, and having lower self YQOL-W scores.
Discussion
Our results corroborate those of other studies, which report that certain psychological comorbidities such as lower health status, depression, low self-esteem, poor school/ social functioning, and decreased QoL are associated with obesity [14, 15, 23, 24, [44] [45] [46] [47] [48] [49] [50] . Compared with normal weight youths, obese youths in our study were more likely to report poor health, dissatisfaction with their body shape, and lower weight-specific QoL scores. Obese youths also 1 Differences between proportions are assessed using Chi-square tests of homogeneity 2 Differences between means are assessed using t tests. Skewed variables are log-transformed prior to conducting t tests. No adjustments are made for multiple comparisons 3 Cuzick's test for trend Table 3 Adjusted odds ratios and 95 % CI for perceived health status and QoL outcomes, by BMI and selected cardiometabolic measures had a worse cardiometabolic risk profile than the normal weight youths. A review of 22 cross-sectional and population-based studies reports that obese youth have reduced overall health-related QoL, as compared to their normal weight counterparts [51] . Obesity has been shown to have a negative impact on the QoL of youth in terms of lower levels of physical functioning [14, 23, [44] [45] [46] 50] and on the psychosocial aspects of their life [14, 23, 44, 46, 49, 50] . Adverse psychosocial conditions may also lead to a higher frequency of unhealthy behaviors such as poor diet and smoking, as well as other direct pathophysiological mechanisms including neuroendocrine response, coronary vasoconstriction, and platelet activation [30] .
Our findings indicate that after controlling for age and sex, participants with abdominal obesity, elevated blood glucose levels, or metabolic syndrome had a significantly greater risk of reporting a poor PHS and lower YQOL-W scores. Some PHS measures were also correlated with certain cardiometabolic risk factors. Decreased physical functioning, lower generic and weight-specific QoL, and more symptoms of depression were significantly correlated with increasing BMI, waist circumference, and glucose levels. A decrease in weight-specific QoL was significantly correlated with increasing triglycerides, and the presence of depression symptoms was positively correlated with HDL. After adjusting for BMI, these results were no longer found to be significant, although the direction of the associations was maintained (data not shown). An explanation for this may be that BMI is a known intermediate factor in the causal pathway for cardiometabolic disease. These findings suggest that BMI moderates the association between perception of mental and physical health and actual measured cardiometabolic health. These results support those of other studies, which indicate that obese youth experience more mental and physical symptoms [14, 21, 44, 46, [49] [50] [51] and suggest that PHS measures may serve as an additional indicator or red flag for that more medical follow-up may be required for at-risk obese youth.
Finding alternative ways to prevent and treat obesityrelated metabolic and psychosocial comorbidities including insulin resistance, depression, and reduced QoL is very important due to the worldwide obesity epidemic. This is especially true among Latino youth who are 1.2-1.8 times more likely to be obese than Caucasian youth [2, 52] . Our findings may have practical implications for identifying youth who need more intensive clinical weight management or psychosocial intervention. There are numerous psychosocial conditions and problems that pose threats to children and adolescents [53] and preventive interventions that promote cardiometabolic health among obese youth could benefit from incorporating psychosocial approaches.
Studies consistently show that obese children will likely maintain their obese BMI into adulthood [3] [4] [5] 54] . Programs are therefore needed to prevent this progression. By addressing childhood obesity early, harmful physiological and psychosocial lifestyle habits can be broken before they become ingrained [55] . To have the desired effect, these interventions must be culturally specific in order to respond to the unique needs of the target population. Understanding the perspective and risk factors for obese youth in Mexico is a crucial first step, but more studies will be needed to best tailor such an intervention.
Research aimed at informing such an intervention will be of great use in both Mexico and the USA. Studies show that obesity-related illnesses limit Mexico's economic competitiveness by increasing medical care costs and reducing the productivity of the work force [56] . Since the economies of the USA and Mexico are so closely intertwined, these effects are not confined to Mexico alone. Developing programs and interventions to prevent obesity that could be applied to Mexicans in both countries could be mutually beneficial in terms of resource sharing and cost savings. This is especially important in light of the fact that Mexican-Americans and Mexican immigrants in the USA are more likely to be obese than their counterparts in Mexico [57, 58] . It is therefore important to gain a better understanding of the causes and risk factors involved in this epidemic in order to extend these programs more widely.
This study has some important limitations, including the fact that it was an exploratory study conducted using a small convenience sample that was not population-based. Our study sample is not representative of the Mexican population as a whole, and our results should be analyzed with caution due to the possibility of selection bias. This sample consists of Mexican mestizo youth who have IMSS medical insurance and better access to health care, on average, than the general population. This sample may be considered representative of seemingly healthy youth from middle-income to low-income families residing in urban areas of central Mexico, which accounts for approximately 32 % of the population [1, 59] . The prevalence of overweight and obesity in our study sample (39 and 40 %, respectively) was higher than in the general population, which is approximately 35 % [1] . Although equal numbers of normal, overweight, and obese youth completed the selfreported questionnaires, a lower proportion of normal weight youth returned for the clinical examination and were thus excluded from the study.
Several of the associations that were not statistically significant in this analysis, e.g., the relationship between certain PHS and cardiometabolic measures, may prove significant with a larger sample size. Due to sample size limitations, we were unable to explore the following relationships: (1) obesity and poor PHS; (2) obesity and higher cardiometabolic risk; and (3) poor PHS and cardiometabolic risk, in a more comprehensive model. Future research should further explore the relationship between metabolic dysregulation, health status, and weight-specific QoL in a larger, more representative sample of obese youths. Despite these limitations, this is the first study to compare the self-reported PHS and risk factors for cardiometabolic disease in a sample of normal weight, overweight, and obese youths in Mexico. This study has several strengths, including the use of a new weight-specific QoL instrument that was developed for use in Mexico [33] . Additionally, we used an inclusive approach that examined self-reported PHS as well as known cardiometabolic risk factors.
In conclusion, our results are consistent with other studies that have demonstrated that obesity is associated with a lower PHS and an increase in cardiometabolic risk. Intervention programs that combine a psychosocial and physiological approach are sorely needed in order to help combat the obesity epidemic in Mexico. Additionally, the information obtained from this study suggests that PHS measures may be used to identify Mexican youth who are at greater cardiometabolic risk, but this finding needs to be examined and validated in larger samples.
